BIOCHEMICAL SOCIETY TRANSACTIONS extent were those obtained from cells treated with phenobarbital and dexamethasone; this indicated that the cytochrome P-450 found in these cells was similar to that found in adult rat liver (Fig. 2 ). This conclusion was also supported by results obtained after solubilization and chromatography on DEAE-cellulose of microsomes from these cells.
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As the experiments described above demonstrated that the mono-oxygenase development during the perinatal period was at least partially controlled by glucocorticoids, we decided to verify whether these hormones were responsible for a neonatal imprinting such as that described for sex steroids by Gustafsson et al. (1977) . Cells were cultivated for 48 h in the presence of 0, 1 0~~-or 100mM-dexamethasone. The medium was then replaced by a fresh one containing or not dexamathasone and supplemented or not with phenobarbital.
In cells which had not been treated with dexamethasone, aryl-hydrocarbon hydroxylase activity was inhibited by anaphthoflavone (Fig. 3) . High concentrations of dexamethasone were needed to produce an inhibition by metyrapone and the disappearance of inhibition by a-naphthoflavone. Aryl-hydrocarbon hydroxylase activity was no longer inhibited by a-naphthoflavone when the cells were first treated with 100mM-dexamethasone and then cultivated in the absence of the corticoid. Similarly, aldrin epoxidase was well induced in cells which had first been treated with dexamethasone for 48 h before phenobarbital treatment. These results indicate that pretreatment of the hepatocytes with dexamethasone for 48 h produced a qualitative change in these cells.
Pretreatment of the cells with a minimal amount of glucocorticoid produced an irreversible expression of a cytochrome P-450 species which was induced by phenobarbital and inhibited by metyrapone. Glucocorticoids most likely acted as a switch and modified the ratio between the various forms of cytochrome P-450 that were synthesized by the primary foetal liver cells in culture.
Our results may lead to several new applications for cell-culture models and confirm that primary foetal cells in culture may be an excellent model for studying the regulation of the cytochrome P-450-supported mono-oxygenases. There are a number of links between the glutathione (GSH) transferases and enzymes of the cytochrome P-450 system, namely: (1) many electrophiles which result from the oxidation of xenobiotics by cytochrome P-450 enzymes are detoxified by GSH transferases (Ketterer et al., 1983) ; (2) two of the GSH transferases, B, and B,, may be involved in the transfer of haem from mitochondria to cytochrome P-450 apoenzymes (Husby et al., 1981 ; (3) the same agents induce members of both groups of enzymes (e.g. phenobarbitone, pesticides, dioxin, carcinogens and antioxidants) (Jakoby & Habig, 1980) . The aim is to understand what factors, genetic or otherwise, are responsible for this linkage. Meanwhile, as an initial step in this direction, we shall describe the genetic relationships between the individual members of the GSH transferase family in the soluble fraction of the rat liver, and discuss the mechanism of induction of several of these GSH transferases on the basis of present evidence.
Two genetically related families of G S H transferases Seven distinct enzymes have been isolated which, in order of decreasing isoelectric point, are: GSH transferases B, (PI 9.2), B, (9.l), AA* (9.0), A* (8.8), C* (8.0), E* (7.3) and D (7.0).
There is not agreed nomenclature for all the GSH transferases; the designations marked with an asterisk are those given by Habig et al. (1974) , whereas the remainder are those in use in our laboratory. These GSH transferases, in common with those from other tissues in the rat and such other animal species which have been studied, are dimers with subunit M, values in the region of 25000 (Jakoby & Habig, 1980) . Sodium dodecyl sulphate/polyacrylamide-gel electrophoresis separates the subunits of these liver enzymes into three classes according to their apparent M, values namely: 22000, 23500 and 25000. These subunit classes have been named Y,, Y, and Y, respectively by Bass et al. (1977) . Six of the seven GSH transferases fall into two families of three proteins based on their subunit composition. One family contains GSH transferases B,, B, and AA, which are the three possible binary combinations of the subunits Y, and Y,, namely: Yay,, Yay, and Y,Y, respectively (Beale et al., 1982) . The other family contains GSH transferases A, C and D, which we refer to as YblYbl, Yb1YbZ and Yb2YbZ. Ybl and YbZ have not been separated by sodium dodecyl sulphatel polyacrylamide-gel electrophoresis, but can be distinguished by their contribution to substrate specificities (Mannervik & Jensson, 1982) , and, as described below, their tryptic peptide maps.
GSH transferase E, the seventh of these enzymes, has not been studied in the same detail. We have shown that it has a subunit M , of approx. 25000, and Habig et al. (1975) have shown that it has substrate specificities which distinguish it from the other GSH transferases. (Beale et al., 1982) .
The Yb1/Y2 family Similar studies have been carried out on the Yb1/Yb2 family of GSH transferases, and it is clear that a close relationship also exists between these subunits, even though the PI of YblYbl is 8.8 whereas that of YbZYb2 is 7.0, implying a significant 602nd MEETING, LONDON difference between each subunit in the ratio of basic to acidic amino acid side chains.
A comparison of tryptic peptide maps of YblYbl and Yb2Yb2 shows that they have 23 tryptic peptides in common, whereas there are twelve which are unique to YblYbl and eight which are unique to Yb2Yb2. As before the heterodimer contains all the peptides seen in the two homodimers. It is not known as yet whether the Ybl and Y : subunits are also microheterogeneous. So far, analyses with carboxypeptidases has revealed C-terminal lysine associated with the Y,' subunit, but no C-terminus in the Ybz subunit has been detected by this technique. Cysteinecontaining tryptic peptides have yet to be studied.
If the in vitro translation products of free polysomal RNA (using either the reticulocyte or wheat-germ systems) are precipitated by antibodies raised against purified GSH transferases, separations by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis give unexpected results. The Y,/Y, and Yb1/Y,2 families do not give the same subunit M , classes found in vivo, namely Y, and Y, on the other hand and Y, on the other. Instead antibodies to each family give in vitro translation products which separate into three distinct M, classes which look very similar to each other. There is also evidence that each in vitro M , class may contain more than one component. Although these differences between the in vitro and in vivo systems are not understood, the results obtained with the in uitro systems are in keeping with heterogeneity in both families of GSH transferases.
The relationship between the two families
The conclusion drawn from these various analyses is that subunits within each family (i.e. Y,/Y, or Yb1/Yb2) are derived from at least two, but probably more, closely related genes. Whether a genetic relationship between the two families exists is not yet known. Amino acid analyses favour such a relationship, since, like other groups of related proteins (e.g. the haemoglobins) (Dayhoff, 1972) , all the GSH transferases have similar charactersistics in their analyses, namely high values for glutamic acid, aspartic acid, leucine and lysine and low values for histidine. Also it should be borne in mind that dissimilarity in the two sets of peptide maps does not preclude some homology between the two groups; for example there are not tryptic peptides in common between the a-and Fchains of human haemoglobin despite 43% homology in sequence and many conservative substitutions (Beale, 1967) . Since it has not yet proved possible to detect an immunogenic site which is common to the two families of GSH transferases, homology may not be so great. So far, two groups of workers, using techniques of recombinant genetics, have proposed a sequence accounting for a large segment of one polypeptide or perhaps two closely related polypeptides from the Y,/Y, family (Kalinyak & Taylor, 1982; Tu et al., 1982) . Amino acid analyses of our tryptic peptides confirm the results of these authors. Application of the same techniques to the Ybl/Y,Z series should reveal the relationship between these two families.
Induction of specific GSH transferases
Having reached some conclusions concerning the genetic relationship between six of the hepatic soluble GSH transferases, their inducibility becomes particularly interesting. Bass an arylamine carcinogen, has a similar effect. On the other hand there is evidence that 3-methylcholanthrene, a polyaromatic hydrocarbon carcinogen, may be even more selective and induce only the Y, subunit (Hales & Neims, 1977) .
W h a t is known of the mechanism of induction
It has been known for some time that the increase in GSH transferase B, by phenobarbitone is not due to a reduced rate of turnover of the enzyme, but rather an increased rate of synthesis (Fleischner et al., 197 1 ) . Kalinyak & Taylor (1982), by using a complementary-DNA probe which appears to code for much of a Y, polypeptide, have shown that phenobarbitone increases apparent Y, mRNA levels 3-fold. Whether this is due to an increase in the rate of mRNA synthesis or a decrease in its turnover is not yet known. One point of interest which has emerged from this work is that whereas Yay, might account for 5% of the total soluble protein in the rat liver (Litwack et al.,  1971) , the combined message for Y, and Y, accounts for only 0.13% of the total free mRNA (Kalinyak & Taylor, 1982) . This suggests that the rate of translation of GSH transferases, which is similar in control and induced livers, is higher than the average for rat liver proteins.
The question of the signifirance of s p e c~c induction
Induction by phenobarbitone causes an increase in Y, and Ybl subunits. The former subunit is associated with the detoxification of hard electrophiles and lipid peroxides together with the high-affinity binding of haem and bilirubin; the latter subunit is associated with the detoxication of soft electrophiles (Ketterer et al., 1982, 1983) . Whereas these are very useful properties to enhance when cytochrome P-450 activity is increased, it is surprising that neither GSH transferases D or E are also induced, since they each have distinctive enzyme specifities which usefully increase the substrate range of the GSH transferases (Habig et al., 1975; Mannervik & Jensson, 1982) .
